Dilepton production is considered within a complete dynamical framework for thermalized matter assumed to be formed in ultra-relativistic heavyion coiüsions. Qur model includes (i) chemical equilibration processes in the initially gluon enriched plasma, and (ii) longitudinal and transversal expansion, and (iii) the hadronization through a mixed phase. Besides the basic electromagnetic quark -antiquark annihilation process we also take into account the QCD Compton like and annihilation processes for calculating the dilepton rate in the deconfined phase, while in the hadronic stage we employ a parametrization of the effective form factor which is based on the complete Set of meson decays and reactions. We find that, due to the transverse expansion of the matter, the dilepton yield from the hadrou gas is strongly reduced and, therefore, the deconfined matter gives the dominant contribution in case of initial conditions which are expected to be achieved at RHIC. This provides the basis for the M 1 scding restoration of the dilepton spectra from themalized matter.
I. INTRODUCTION
The current ultra-relativistic heavy-ion experiments at CERN -SPS and the planned future experiments at Brookhaven RHIC and CERN -LHC are permanently stimulating the interest in studying processes which can provide penetrating probes from the hot and dense reaction zone. Intriguing questions concern the possibility to create thermalized deconfined matter in these heavy-ion collisions and the identification of such a novel matter state. In this respect the emission of lepton pairs (and real photons) in the high invariant mass region is particularly interesting since these messeugers are thought to measure directly the initial temperature of the thermalized quark-gluon matter [1, 2] . Also vvell known is the fact that the use of electromagnetic probes for getting reliable information on the initial stage of the quark-gluon plasma needs to solve at least two theoretical problems, namely (i) to clarify the space -time evolution of the matter which is intimately related to the kinetical equilihration under the specific conditions of highenergy beavy-ion collisions, and (ii) to find out the competing contributions from other sources of dileptons, such as the hard Drell Yan processes and the soft hadronic processes in confined matter, to the full spectrum.
The theoretical investigations in both directions have achieved considerable Progress during the last few years. Based on parton cascade models [3,4] the decisive r6le of minijets in producing a highly excited medium of quarks and gluons has been realized. In particular, from these studies one learned that the dense deconfined matter is strongly gluon dominated [SI. Relying on a kinetic rate equation approach the subsequent chemical equilibration of the initially gluon enriched plasma has been analyzed . The importance of very early pre-equilibrium states of parton matter for the electromagnetic probes has been shown in the framework of various kinetic models [9,10] and by simulations [11,12]. At the same time the detailed consideration of the light meson decays 2nd reactions with dilepton production in a hot hadron gas 1131 including the in-medium effects [14] seems to show a suhstantial change in the dilepton rate in comparison with the previous simple p pole approximation of the electromagnetic form factor. All these developnients give rise to the necessity to refine the standard estimates of the dilepton probe of deconfined matter, which, as a rule, relied on chemical equilibrium in the framework of scaling hydrodynamics and did not take into account the above quoted improvements of a detailed understanding.
The aim of the present paper is to study the emission of lepton pairs with high invariant mass M within a complete dynamical model for the thermalized matter formed in ultra-relativistic heavy-ion collisions. The space -time evolution of the matter starts with the chemical equilibration process of the initially gluon enriched plasma accompanied by the collective longitudinal and transvexsal expansion and proceeds to the hadronic stage through a mixed quark -hadron phase. Since in the gluon plasma the ru2 U., order processes of dilepton creation ~night become important we include them in our consideration together with the basic electrornagnetic qQ a~nihilat~ion. The relation of thermal dileptons from deconfined matter to such ones from the hadron gas is quantified in order to find out the most favorable window in the dilepton spectra to search for signals of the quark-gluon plasma.
We pay especially attention to the transverse momentum ( q~) dependence of the dilepton spectra at fixed, high transverse mass ML = J-.
Under certain conditions the dilepton yield from a local equilibrium quark-gluon plasma is known to depend only on ML [15, 16] , i.e., the thermal spectrum from the plasma exhibits the so-called MI scaling. This scaling is now widely discussed as a possible signal of the quark-gluon plasma formation [17] . In particular the influence of the non-thermal parton matter on the q~ dependence of the dilepton spectra has been considered in Refs. [18, 19] , where it has been shown that the early off-equilibrium stage might affect the M,. scaling. On the other hand the i V 1~ scaling is also not valid for the dilepton emission from hadron matter because of the specific dependence of the electromagnetic form factor on the invariant mass. Recently [20] , the relative contributions from deconfined and confined matter have been analyzed by using the above mentioned new findings on the light meson decays and reactions with dilepton production [13, 14] . However, these analyses are performed within a simplified scenario where both the transverse expansion and chemical evolution of the matter are not taken into account. As we shall show below the transverse expansion plays a crucial r6le for the relative weights of different matter stages. While the deconfined matter stage is hardly affected by transverse expansion, it reduces drastically the life time of the hadron stage and consequently the hadronic contributions to the thermal dilepton spectrum. This provides the basis of a ML scaling restoration effect, at least for dileptons from thermalized matter expected to be produced in heavy-ion collisions at RHIC energies.
Our paper is organized as follows. In section I1 we consider the dilepton production processes. The rate in deconfined matter includes QCD Compton like and annihilation processes. S o regularize infra-red divergencies in these rates we employ a cut-off parameter which is determined by the effective thermal parton mass. The dilepton rate in the high invariant mass region appears to depend on the cut-off parameter only weakly; this seems to justify our approximation. Also the dilepton rate from hot hadron matter is discussed in this section, and the space -time integrated rate, suitable for numerical calculations, is presented. In section I11 we describe our dynamical model of the chcniically equilibrating gluon-enriched plasma accompanied by the longitudinal and transverse hydrodynamical expansion. The latter one is treated within a new global hydrodynamical scherne developed recently [7] . The results are used in section IV to analyze the relative contributions from different stages of thermalized matter to the thermal dilepto~i yield. The transverse momentum dependence of the dilepton spectrum at fixed it11 is also considered here in order to clear np whether the Ml scaling can be realized for dileptons emitted from the hot matter. Our conclusio~is are drawn in section V.
DILEPTON RATES
This section provides the presentation of dilepton producing processes which are expected to dominate in thermalized, strongly interacting matter.
A. Dileptons from deconfined matter
The majority of earlier estimates of the dilepton emission from equilibrium quarkgluon plasrna has been based on the lowest order process q(r -t Y* -t 17, i.e., the electromagnetic annihilation of quarks and antiquarks, which gives the rate per space-time volume d4x and four-momentum volume d4Q of the pair by
The pair four-momentum is Q" = (MLc~Y,IWJ.S~Y,&) (with Af; = M2 -t q: as the transverse mass, and ilil is the invariant mass; we focus on midrapidity pairs with Y = 0). Integration over the momenta of the incoming particles in eq. (1) gives for the basic process the rate [3, 3, 24] with F, = 519. E = &,U, is the energy of the lepton pair in the local rest frame of a volume element which fiows 6 t h four-velocity U , .
We restrict ourselves to high-energy dileptons with E » T and utilize the Boltzmann approximation for all partons, i.e. This means that the parton distribution is assumed to be in thermal (i.e., momentum space) equilibrium, but not necessarily in chernical equilibrium. Only for chemical equilibrium the fugacities X, become 1.
The rates for the annihilation aud Compton like processes ( 2 ) can be simplified in the same way as has be done in Ref. [25] for the photon production rate. As result one gets for the high-energy dileptous where Q = J E~-M~, ßzl = 2 T ( E f Q ) , and Lcom = Xg(X, + Ag), and La"" = &Xp.
Here we also employ the Boltzmann approximation for the parton distrihution functions aud consider charge symmetric matter with X, = An.
For massless particles the t integration in eq. (7) is infrared divergent. In an equilibrium quark-gluon plasma one might expect that the Kinoshita Lee Nauenberg theorem is valid. That is the self-energy and vertex corrections lead to cancellations of divergencies, and the full rate up to order a2aS is finite [26-291. For a chemical off-equilibrium plasma and for arbitrary invariant dilepton masses this problem needs further separate investigations. In particular the applicatiou of the Braaten Pisarski perturbation technique [30] has been used to regularize the photon rate in Ref. (251; however, in case of dileptons one Ion seems to be faced with additional difficulties in the high invariant dilepton mass rtg' [31] . Otherwise, many-body effects in the QCD plasma certainly give rise to the appearance of a finite effective thermal parton mass which appears to have an iuterrelation to non-perturbative interaction effects 1321. Such an effective niass can also play a r6le as cut-off parameter k, which regularizes the dilepton rate. Since we focus oii high-energy lepton pairs with E » T their emission turns out to depend on k, not too sensitively.
Therefore, we do not need to know the precise value of k,. With this in minrl we employ for our purposes a variant of Ref. [25] with k: = $ K Y , T~, whicl~ approxiinately coincides with the thermal mass extracted froin lattice data [32] . Throughout the present work we utilize a, = 0.3. lnserting this cut-off parameter in the t clianuel and iiitegrating in eq. (7) within the boundaries s > MZ + 2kC and -(s -M2) + kz t 5 -k: we find in the limit k: « M 2 for the &CD Compton and annihilation rates, respectively (CE is the Euler constant).
B. Dileptons from hadron matter
The dilepton emission rate from the hadron gas is usually given in a way which is analog to eq. (5) [23] with the p pole approximation in the pion electromagnetic form factor Fh(MZ) (and ml,T stand for the lepton and pion mass, respectively). This approximation has been recently re-examined by a detailed consideration of the complete set of light mesons which are expected to contribute to the dilepton rate in hot hadronic matter [13, 14] . Such a modification of the dilepton rate can he accumulated in an effective form factor Feff(M2) [20] by means of the replacement Fh -+ Feff in eq. (10). Our parametrization of the effective form factor is taken from Fig. 1 in Ref. [20] . Whenever needed we continue this form factor as constant into the regions M < 0.3 GeV and M > 3 GeV. Please notice the tremendous difference of the current effective form factor and the p pole approximation in the region M > 1 GeV. We shall include the effective form factor F'',Ij in our calculations, however, a few remarks are in order. First, it should be stressed that Fejf in Refs. [13, 14, 20] originally accounts for the electron -positron production. The muon pair production, in particular in the high invariant mass region, can be forbidden in some cases due to obvious kinematical reasons. Second, the infiuence of the in-medium effects on the dilepton yield in dense and hot hadronic matter is still an quantitatively unsettled issue (cf.
[14] for a recent discussion of the state of the art). Therefore, the retiability of any model needs to be confirmed by future experiments. Nevertheless, it is useful to take into account the effective meson form factor described above as a rather extreme variant as compared to the standard p pole approximation
C. The total yield
Our calculations below are based on a space-time evolution model for the transverse expansion superimposed on the longitudinal boost-invariant scaling expansion within a hydrodynamical framework. The four-velocity tben reads
which gives for the dilepton energy
In the case of high invariant masses of the dileptons, M » T, it is convenient to use the approximation Then the space time integrated rate can be expressed as
with the replacement E -+ rL(ML -qLvl cos (P) in the expressions for IfCom*ann ( E 7 M, Irf).
The form factor F in eq. (13) reads for T > T"
for T < T"
where X is as usual the relative weight of the deconfined matter in the mixed-phase (X = 1 in the pure deconfined phase), and Fq = F, Xi. The numerical integration in eq. (13) is based on the global hydrodynamical scheme developed previously [7] and discussed below.
CHEMICAL EQUILIBRATION AND SPACE-TIME EVOLUTION
The space-time evolution of the matter is closely connected with the kinetic processes of its chemical equilibration. In our approach the charge-symmetric chemical offequilibrium parton matter oheys the rate equations for the duon and quwk densities [%71 where n,(,) denotes the gluon (quark) density obtained according to eq. (6), and b = (n2/n;')2 is the squared ratio of chemical equilibrium densities when X, , , = 1. The rate equations (15, 16) contain the thermally averaged Cross sections üc2) and c (~) for the reactions gg + qQ and gg + ggg, respectively. We employ the estimates of Ref. [6] , i.e., (Nf = 2 is the numbcr of flavors) with the additional factors I\,, which we shall vary in order to mimic higher order processes [33] and possible non-perturbative contributions, and to check how important they are for observables.
The chemical rate equations (15, 16) need to be supplemented by the hydrodynamical equations d,TfiU = 0, where the energy-momentum tensor
is defined by the parton distribution function f (p, X ) = E,=,,,-, d, f,(p, X ) with respect to eq. (6) (d, are the corresponding the degeneracies). The complete set of the kinetic rate equations and the hydrodynamical evolution equations have been solved in our approach under the assumption of boost-invariant longitudinal expansion superimposed on global transverse expansion [7] . The global transverse expansion scheme rests on a linear transverse velocity profile but radially coristant intensive quantities. The equations then reduce to two coupled, ordinary differential equations for the energy density and thc acceleration of the transverse radius. The chemical evolution equations (15, 16 ) also become two ordinary differential equations. The detailed derivation can be found in Ref. 171 . In case of photon emission this scheme gives the same resuits as the full hydrodynamics [34], which is not useful when solving additionally rate equations. As result the set of equations delivers the temperature T ( r ) , the fugacities X,,,(r), and the transverse velocity v~( + , T ) as function of proper time T = .Jt"-z2. Some examples for different initial conditions are displayed in Fig. 1 and discussed in more detail below. In case of the chemical non-equilibrium parton plasma we assume for the initial fugacities X, = $Xg. This is in line with the hot glue scenario [5] and is supported by the parton cascade calculations [3, 4, 6, 8] . For the absolute values of the initial gluon fugacities we choose here X, = 0.25 and 0.5 which is in between the extreme cases of possible oversaturation [3] and the very dilute glue system in Ref. [6] . The unique initial temperature So = 550 MeV fulfills also approximately the relation TO -l/To for 7 0 = 0.32 fm/c. The general conclusion that can be drawn from our consideratioris of the spacetime evolution of the chernically equilibrated or non-equilibrated parton matter is that the effect of the transverse expansion is not very large for the short-living deconfined matter down to temperatures T N 200 MeV (only about 10% radius increase; we consider an initial transverse radius of 7 fm corresponding to central Au + Au collisions). This result is in agreement with the early hydrodynamical calculations [23] including the transverse expansion of the matter. At the same time it should be stressed that the transverse expansion drastically reduces the life time of the hadron (and partially also of the mixed) phase compared t o the pure longitudinal hydrodynamics. In the case of our present choice of the initial temperature To = 550 MeV the life time of the system up to freeze-out at TI = 120 MeV is shortened up to a factor 1/10 and the transverse radius increases up to a factor 3, see Table 1 . Due to the work of the pressure in transverse direction the cooling is therefore much faster. (At midrapidity 7 = 0 the work, done by the pressure in longitudinal direction, would only slightly speed up the cooling in case of non-flat rapidity distrihutions.) We use here the standard ideal gas parametrization of the equation of state for the pure deconfined, mixed quark -hadron, and pure hadron phase by the bag model with the bag constant B1I4 = 235 MeV and massless u,d quarks and gluons and 3 pions. Since the recent lattice calculations indicate that the bag model parametrization gives too large latent heat, we apply here also our previous procedure [7] to keep T, fixed but reduce the latent heat by scaling up the effective number of degrees of freedom in the hadron phase from 3 to 6.68. This corresponds to reducing the bag constant to B1I4 = 229 MeV. While in this way the latent heat is reduced by a factor 0.9, the life time of the system up to freeze-out is shortened by a factor 112.22 if there would be no transverse expansion. One also observes in Table 1 that the initial phase space undersaturation causes diminished life times too.
IV. NUMERICAL RESULTS

A. Dilepton yields and chemical equilibration
The eqs. hration velocity is too small to achieve chemical equilibrium at confiuement temperatnrc, values of 11,~~ > 20 allow for reaching X,,, = 1 at T, or even earlier (cf. Fig. 1 ; for more detailed presentations of the chemical evolution scenarios see Refs. . In the former case the confinement transition would proceed by a strong off-equilibrium mechanism such as discussed in Ref. 1351. In the latter case a standard model of a quasi-equilibrium phase transition is applicable. Interestingly, at giveu Xq,,(~o) these drastically different evolution scenarios result in rather similar dilepton spectra in the high invariant mass region as one can see in Fig. 2 (for photons this has been observed in Ref. [7] ). For example, in case of the very undersaturated gluon plasma with X,(TO) = 0.25 the fast equilibration with A,,, = 20 gives at M = 2.5 GeV a yield which is only by a factor 1.5 larger than the yield in the slow chemical evolution case with Aq,, = 2. FOI larger invariant masses the differences are eveu smaller. The reason for this insensitivity against variations in A , , is that the heavy dileptons are created in early stages and are less affected by the later evolution, while the low-mass dileptons cacry also iuformation on the later low-temperature stage.
Comparing the slopes of the spectra in Figs. 2a and b one observes that, despite the same initial temperatures, the spectra for X, = 0.5 appear hotter than the ones for Ag = 0.25.
The undersaturation of the quark-gluou phase space obviously also reduces the dilepton yield: for the considered electromagnetic annihilatiou the rate is proportional to Xi and, in addition, depends on the temperatnre history. At IM = 2.6 GeV tlie dileptons yields in Figs. 2a and b differ by a factor 6 (5) in case of fast (slow) equilibration.
B. Dileptons from deconfined and confined matter
In what follows we choose the fast equilibration scenario to model the evolution of the matter through the hadron gas up to freeze-out. The separate contributions from the deconfined and confi~ied stages of the thermalized matter to the total invariant mass spectrum are shown in Fig. 3a . The initial conditions are still T 0 = 550 MeV, TO = 0.32 fm/c, and X,(TO) = 0.5 as in Figs. I b and 2b. Since we now include the mixed phase, the yield in the low-mass regiou from deconfined matter is somewhat increased. Even if the u~idersaturation of the initial phase space of the gluon enriched plasma leads to a diminished dilepton yield, the contribution from deconfined matter dominates over the one from the hadron gas which is based on the effective electromagnetic form factor ( M ) Sliis is the direct conseqnence of the transverse expansion of the mattcr that reduces strongly the life time of the hadron stage (cf. Table 1) . One has to stress that the deconfined matter contribution displayed in Fig. 3a reflects a lower limit for this stage at given initial conditions since we do not include here the contribution from the cu2a, QCD dilepton production processes that we shall discuss below separately. We utilize here the equation of state with reduced latent heat. If the standard parametrization with fnll latent heat were employed then the hadron contribution would be stronger by a factor 3.3, Le., at , M > 2.3 GeV the deconfined matter yield would exceed the hadron gas yield.
The full yields from thermalized matter are displayed in Fig. 3b for the initially chernical equilibrium quark-gluon plasma (i.e.: X" = 1) and the initially undersaturated gluon enriched plasma with Xg(7u) = 0.25 or 0.5, and &(To) = 0.05 or 0.1 together with the Drell Yan contribution estimated in the standard way [36] with K factor 2. Even keeping in mind that the Drell Yan background probably will be suppressed due to the nuclear shadowing effect [37] one can expect a competition between the dilepton yield from thermalized matter and the Drell Yan background in the region M N 2 -3 GeV if the parton matter is initially undersaturated. The spectra for X,(ru) = 0.25 and 0.5 differ by a factor 2 (6, 7) at M = 1.1 (3, 3.5 ) GeV. For both initial conditions there are hadron gas contributions up to il/I 2.3 GeV Seen as weak structures. Such hadron gas contributions become negligible for X " = 1. The yields from initially fully saturated matter are larger by a factor 47 (15) for M = 3.5 ( 2 ) GeV, compared to the most likely initial condition Xg(rO) = 0.5. Due to the involved interplay of chemical evolution and the later transverse expansion the spectra have significantly different slopes aud absolute normalizations.
C. Transverse momentum spectra
The existence of various sources of the dilepton production in heavy-ion collisions makes it difficult to identify unambiguously the quark-gluon plasma formation when using only the invariant mass spectrum. The detailed information of the transverse momentum spectrum dNii/d&lj dq: d Y is expected to allow for a more sensible diagnostic. Under the reasonable assumptions of the local thermalization and predominant longitudinal boostinvariant expansion and the absence of another scale than the temperature, the dileptons from the quark-gluon plasma are known to exhibit tlie above nientioned ML scaling, i.e., at fixed value of 1 i 4~ the spectrum does not depend on q~. Nowever, the last tsio conditions are not fulfilled for the hadron gas becanse of both the complicated mass dependence of the form factor I.',if(M2) and the strong transverse expansion in the Ialc hadronic stages. Ac a result, the iWL scaling is in general not valid for thc dileptons from the hadron matter. To See whether the M1 scaling can be realized for dileptons emitted from thermalized matter. evolving from deconfined matter t,o the hadron gas, we compare the relative contributions of them to the q~ spectrum at fixed ML in Figs. 4 and 5. Following Ref.
[17] we choose 1 % = 2.6 GeV which is high cnougli f o provide the favorable conditions for testing tlie early stage and, at the same time, is not too close t;n the specific J/$ pole.
In Fig. 4 the q~. dependence of dileptons is dispiayed which are emitted from ther- in the spectrum in a wide q l region stcnis from the decoiifined matter. Thk effect can be easily explained since the hadron gas, undergoing a strong transverse expansion, COOIS much faster compared to the case of a longitudinal expansion alone; therefore, the life time is considerably reduced. At the Same time the quark-gluon plasma turns out to be almost insensitive to the transverse flow, as indicated by the nearly q s independent behavior of the transverse momentum spectrum in Figs. 4a and b. As consequence the wholly differential spectrum exhibits an approximate M 1 scaling in the wide qs region up to 2.3 GeV. The situation is quite different in the case of switching off the transverse expansion (Fig. 4b) . Here, for the standard bag model parametrization the hadron gas contribution, which does not exhibit a ML scaling in such a large qs range, dominates the spectrum aud, therefore, the memory of the previous scaling property of the deconfined matter contribution is lost.
To check the stability of our results we compare in Figs. 4a and b results for the modified equation of state with reduced latent heat and the standard bag model parametrization with only 3 pions in the hadron phase. As displayed in Fig. 4a the q~ dependcnce of the wholly differential spectrum weakly depends on the change in latent heat. Of course, in reducing the latent heat the mixed phase and the hadronic phase life times are diminished as their contributions to the spectrum. This would become important in case of no transverse expansion: here the reduction of the hadron gas contribution wonld restorc the approximate scaling behavior, See Considering the former approach as reasonable approximation which is valid such a case, where the initial temperature of the matter is not very much above the dcconfinement temperature and the transverse expansion is not too important [20] , one expects a iWL scaling restoration (i.e., a decreasing value of R towards unity) with increasing initial temperature of the matter. Such an effect, of course, concerns only the dileptons emitted from thernialized matter. The contributions of the non-thermal sources are considered in Refs. [17, 19, 18 ] a~i d we comment it briefiy below. Here one can point out only that the high initial temperatures, related to events with high rapidity density of secondary hadroxis, are known to be also favorable to overwhelm the hard Drell Yan background. Fig. 5 displays the same q~ dependence of the spectra as Fig. 4 does, but now for the initially undersaturated phase space, i.e., X,(ro) = 0.5 and X, (%) = 0.1. This dilute parton system leads evidently to a decreasing dilepton yield from deconfined matter. Xevertheless, also in this case the deconfined matter still shines out the hadron gas if the transverse expansion is properly taken into account. As diiplayed in Fig. 5a the whole dilepton spectrum of the initially off-equilibrium matter exhibits approximately the IWL scaling as well. Without transverse expansion the spectrum is dominated by the hadron gas contribution (Fig. 5) . The spectrum for the initial conditions X, = 0.25 is not displayed separately but we fmd a hadron gas yield which is increased relatively to the deconfined matter yield. This might be summarized as follows: A stronger initial phase space population significantly increases the contribution from deconfined matter. Due to transverse expansion the latter yield shines out for X,(ro) > 0.25 and X,(T~) = 5X,(~o) at not too large values of ql.
While the transverse expansion reduces the full yield of the dileptons from the hadron gas, also the very shape of the corresponding ql dependence is modified. One observes in Figs. 4 and 5 that the dileptons with large values of q~ are not so strongly suppressed as those ones with small transverse momenta. As consequence one can see the persistence of the p peak at the kinematical boundary ql -t MI. This has been discussed in detail in pioneering investigations within the hydrodynamical model [23] and is attributed to the fact that the energy of the lepton pairs (cf. eq. (12)) for vl > 0 at large values of q~ and fixed can be even less than the pair energy in case of pure longitudinal expansion. Within the thermal approach this means a stronger dilepton production rate. Here we extend this result to initially non-equilibrium matter. The persistence of the rho peak violates, indeed, the &II scaling but (see Figs. 4 and 5) this is only the case for q~ near the kinematical boundary and for high transverse mass, while the approximate M i scaling is valid in a rather wide qi region.
At the end of this subsection the following comments can be made on the experimental observation of the MI scaling in the dilepton spectra in ultrarelativistic heavy-ion collisions. As we have shown above the formation of thermal equilibrium deconfined matter provides the approximate scaling behavior that can not be strongly destroyed by the chemical equilibration and subsequent hadronizatioxi process if the initial tcmperature of the matter is high enough but still achievable in RHIC experiments. A plausible way to get such high initial temperature is to choose events with high rapidity density of secondaries [2, 23, 24] . One can also hope to separate in these events the dileptons emitted from thermalized mater from such ones which are emitted in charmed hadron decays [36) . In this case the i h scaling might be only affected on the parton level by the early nonequilibrinm parton sources such as the hard Drell Yan mechanism and the pre-equiiibriuxn parton matter with anisotropic parton distribution [18, 19] . Anyway the resulting ql dependence of dileptons should refiect the dominnting parton mechanism of the dilepton production. Due to this an experimental study of the A L scaling properties of diiepton spectra at RHIC is useful for the understanding of the early parton evofutiora in heavy-ion collisions.
D. Contributions from QCD processes
The contributions from the QCD Compton like and annihilation processes of dilepton production t o the transverse momentum spectrum are displayed in Fig. 6 together with the basic electromagnetic annihilation process. Since we are interested here mainly in the realization ~f the scaling in the dilepton spectrum emerging from the deconfined matter we choose as above Mi = 2.6 GeV and consider the q~ dependence of these contributions. While the rates of the &CD Compton like and annihilation processes contain the additional scde kc (i.e., the cut-off parameter, cf. eqs. (8, 9) ) the full q~ spectra turn out to depend weakly on this parameter in the sense that the IWL scaling property is not strongly violated. This is indicated in Fig. 6 for Ag(%) = 0.5 by the plateau in the wide q l region up to 2.2 GeV. Comparing the relative contributions of the hasic and the &CD processes we conciude that the account of the last ones will increase the rate roughly by a factor 2 (the actual value depends, of course, on a,). This approximation is also valid for the invariant mass spectrum and appears to be useful for a brief comparison of the deconfined and confined matter contributions to the whole yield. Going into details one notices that, in spite of the fact that for the gluon enriched plasma the quark phase space is rnuch more (i.e., by a factor 5) undersaturated than the gluon phase space, the &CD annihilation process dominates still over the Compton like process unless the kinematical boundary at larger values of q~, where the Compton like process becomes strongly scaling violating, sec Indeed, for X,(ro) = 0.25 the curves (not displayed) are shifted down by a factor 1J4.6, in accordance with this estimate. For X , , = 1 the QCD processes are stronger by a factor 16, whilc the basic annihilation process increases by a factor 21. We consider hcre again the fast equilibration scenario with AP,, = 20 and dlow for transverse expansiort and include also the mixed phase.
In case of a very slow equilibration (e.g., A , , = 0.2, and no phase transition, of course) the yields from the electrornagnetic annihilation scale as 100 : 1 : 1/4 for X, = 1, 0.1 and 0.05. The QCD Compton contribution turns out then to be larger than the &CD annihilation yield, and already at q,, 1.9 GeV the Compton like process exceeds the basic annihilation process, while the QCD annihilation process is in the average by a factor 113 smaller than the etectromagnetic annihilation. The scaling violation of the separate contributions is not larger than in the fast equilibration scenario.
V. SUMMARY
In Summary we analyze the ernission of Iepton pairs with high invariant mass within a complete dynamical model of therrnalized matter, which is expected to be formed in high-energy heavy-ion collisions. The space-time evolution of the matter starts with the chemical equilibration process of tlte initially gluon enriched plasma which is accompanied by both the longitudinal and transversal expansion. After some time the expanding, strongly interacting matter hadronizes. We find that in the deconfined stage the dilepton yield in the high invariant mass region is not very sensitive to the details of the chemical equilibration processes, in particular to the time intemal needed for achieving the quarkgluon phase space saturation. Otherwise the absolute yields and the slopes of the invariant mass spectra are rather sensitive to the initial phase space occupancy. The dileptons from the deconfined stage are shown to exhibit the approximate ML scaling even if the deconfined matter undergoes a transverse expansion and &CD processes are included. Keeping in mind the significant reduction of the hadron gas contributinn to the dilepton spectrum due to the transverse expansion we conclude that dileptons from thermalized matter should show the approximate ML scaling behavior in a wide q,. region if the initial temperature is high enough but still achievable at RHIC conditions. Choosing the events with high rapidity density of secondaries one can hope to subtract the hard Drell Yan background and pairs from charm decays. In this case the IWL scaling might be violated only on the parton level and its experimental observation depends on tlie dominating mechanism of the early parton creation. In this respect we find it useful to perform a dedicated experimental study of the scaling properties of dileptons with high transverse mass to get insight in the early parton matter dynamics. 
